Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease recently discovered in northeastern and central China that is caused by a novel bunyavirus, severe fever with thrombocytopenia syndrome virus (SFTSV). Humans are primarily infected through tick bites. Four previous reports have discussed SFTS infection from person to person, all cases of which were symptomatic. In this report, we analysed the epidemiological and clinical data for a cluster of cases, including one case of secondaryasymptomatic infection, and review the literature regarding SFTSV transmission from person to person. We conclude that SFTSV caused the asymptomatic infections via person-to-person contact with infected blood.
Introduction
Severe fever with thrombocytopenia syndrome (SFTS) is a haemorrhagic fever-like illnesses caused by severe fever with thrombocytopenia syndrome virus (SFTSV), a member of the Bunyaviridae family and newly identified pathogen in central and northeast China (1) . SFTSV infection is characterised by fever, thrombocytopenia, leukocytopenia and multiorgan dysfunction and produces a broad spectrum of clinical manifestations that range from acute self-limited febrile illness to various grades of severe disease, with a reported fatality rate varying between 12% and 30% (2) . Humans can become infected through tick bites or contact with blood infected with SFTS (3). To date, there have been no reports of person-to-person asymptomatic infection with SFTS. We herein analysed the epidemiological and clinical data for a cluster of cases of SFTSV person-to-person transmission, including one case of asymptomatic infection, and review the literature regarding SFTSV transmission from person to person.
Case Report

Ethics statement
We obtained written informed consent from the patients and other participants as well as institutional approval to carry out this study from the ethics committee of China Medicine University.
Index patient
In the beginning of June, 2012, a 78-year-old man exhibited the acute onset of symptoms, with a temperature of 39 , chills and malaise. On the third day of the illness, he continued to have a high fever and was admitted to a local hospital. Laboratory tests revealed leukopenia (3,400/mm 3 ). Granulocyte colonystimulating factor was prescribed. On the seventh day of the illness, the patient exhibited haematochezia. The platelet count was 41,000/mm 3 . Omeprazole and reptilase were prescribed; however, the haemorrhage persisted. The serum sample collected on the eighth day of the illness was positive for IgM antibodies to SFTSV on reverse transcription polymerase chain reaction (RT-PCR). The prothrombin time (PT) was 19.3 seconds (11-13 s) and the activated partial thromboplastin time (APTT) was 131.6 seconds (32-43 s). On the same day, haematemesis and convulsions developed, and the patient's condition rapidly deteriorated into a coma. He died on the ninth day of the illness. He was a retired worker who lived in a village in Fengcheng Liaoning province. He often chopped wood on the hills; however, he had no evidence of any tick bites.
Secondary patient
Fifteen days after the death of the index patient, his younger sister, a 63-year-old woman, was identified at the regional hospital with fever, leukopenia (3,000/mm 3 ), thrombocytopenia (88,000/mm 3 ), elevated levels of AST (48 U/L), ALT (44 U/L) and LDH (637 U/L), hyponatremia and hypocalcaemia. The serum sample was positive for IgM antibodies to SFTSV on RT-PCR. She was transferred to the department of infectious diseases at the first affiliated hospital of China Medical University, where she received granulocyte colony-stimulating factor, thymosin, human immunoglobulin and supportive therapy. Eventually, she recovered. The secondary patient was a retired worker who lived in a city in Dandong Liaoning province.
Upon the onset of illness in the secondary patient, another five people who had close contact with the index patient visited the hospital to be tested for antibodies to SFTSV. None of these individuals had symptoms. However, one person had a positive result for IgM antibodies to SFTSV, although the leukocyte count, platelet count and SCr, BUN, LDH, ALT and AST levels were normal. After one month of follow-up, there were still no symptoms, and all of the above blood test results remained normal. The IgM and IgG antibodies to SFTSV persisted. The asymptomatic infectious person was born in Dandong Liaoning province and had worked as a driver in Shenyang for 10 years.
All six family members were previously healthy and had no history of being bitten by ticks. They all lived in the city; none lived with the index patient, although they had come into close contact with the index patient when he was bleeding at the nose and mouth. The two infectious individuals had been in direct contact with the index patient's blood; both had been previously healthy.
RT-PCR
RNA was extracted from the patients' sera using the RNeasy Mini Kit, and the one-step RT-PCR Kit (Qiagen, Hilden, Germany) was used to amplify the viral RNA Lsegment. The primers were designed at position 1324 (GGC AGCAAACCAGAAGAAAG) and position 2326 (CATTTC TCCGAGGGCATTTA). PCR was performed for one cycle at 50 for 30 minutes and 95 for 15 minutes, followed by 35 cycles of 94 for 45 seconds, 58 for 45 seconds and 72 for one minutes, with final extension at 72 for 10 minutes (2) . The PCR products were sequenced, and the sequences were deposited in GenBank.
Discussion
In this study, we analysed a group of seven family members, including one SFTS index patient and two patients who developed a secondary infection following exposure to the index patient. The six family members (Table 1) provided bedside care during the index patient's hospitalisation. The risk factors for the six people infected with SFTSV were classified into two types: those involving blood and droplet contact. The secondary patient (number 1 in Table 1 ) wiped blood from the index patient's mouth when the index patient exhibited haematemesis. The asymptomatic infected person (number 2 in Table 1 ) directly touched blood from the index patient's mouth while caring for the dead body after the index patient died. Both of the infectious individuals had direct contact with the index patient's blood. Another family member (number 3 in Table 1 ) also wiped blood off the index patient's mouth when the index patient exhibited symptoms of haematemesis. However, this family member wore latex gloves at all times and was not infected. The medical staff who came into droplet contact while providing medical services for the index patient did not become ill. The infection was most likely transmitted from person to person through contact with the patient's blood.
Our study revealed a new route of person-to-person infection with SFTSV asymptomatic infection. Previous articles have demonstrated SFTSV transmission from person to person (2) (3) (4) (5) ; however, all of the patients were symptomatic. In the present study, we observed a case of asymptomatic infection. At the onset of illness in the secondary patient (15 days after exposure to the index patient's blood), we collected serum samples from another five family members who had also taken care of the index patient. One of these family members tested positive for IgM antibodies to SFTSV, although no new cases occurred. This person had normal white blood cell and platelet counts as well as liver and renal function parameters. No tick bites were reported by the individual; however, he had been in direct contact with the index patient's blood. One month after infection, IgM and IgG antibodies to SFTSV were positive on RT-PCR, while the leukocyte and platelet counts and liver and renal function parameters were normal. Hence, we concluded that SFTSV caused asymptomatic infection via person-to-person transmission.
In order to determine the incubation period of SFTSV transmission from person to person, we counted the number of days from contact with the index patient's blood to the onset of illness in the secondary patients among the six clusters of cases reported in the literature. Based on the literature review (Table 2) , we concluded that the incubation period of SFTSV transmission from person to person is six to 15 days, which is shorter than the incubation period observed following infection with a tick bite. Most cases were symptomatic. In comparison with the index patient, the secondary patients had minor clinical features, without obvious haemorrhagic manifestations (4), and a better prognosis.
In conclusion, we herein reported the first case of asymptomatic infection of SFTS transmission via personal contact. Individuals who performed usual bedside care or took protective precautions were not easily infected. In contrast, individuals who came into direct contract with the patient's blood or bloody secretions/faeces with their bare hands were infected with SFTSV. Infection may also be linked to the manner of interaction and frequency or duration of contact with the acute patient as well as the infectious dose and individual's susceptibility and immune status (6) .
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